The assignment of a quantitative spectral image quality metric is discussed with an approach proposed. Quality is divided into fidelity and utility components, with utility studied in the context of object detection in hyperspectral imagery.
Introduction
Spectral imaging has emerged as a powerful technique in the remote capture and analysis of a scene. Applied in as diverse areas such as art restoration [1] , industrial color monitoring [2] , and food monitoring [3] , it has received particular attention and application in the field of remote sensing of the Earth [4] . In this context, spectral imaging includes both multispectral imaging systems, such as the Landsat Thematic Mapper [5] as well as hyperspectral imaging systems such as the airborne HyMap sensor [6] . As with any digital imaging application, the community is interested in quantitative metrics that can be used to assess the quality of the imagery. However, in the remote sensing application with spectral imagery consisting of tens or even hundreds of spectral bands, and often consisting of thousands of pixels in each spatial dimension, the images are rarely used for visual interpretation alone. More often, an automated, or at least semi-automated, machine algorithm processes the imagery to produce a product such as a landcover map or a detection map. This coupling between the imagery, the algorithm, and the diverse products has made the development of a universally accepted spectral image quality metric a challenging research problem. This paper presents background on this problem, including previous work, and discusses one approach to this challenge.
Background
Early airborne and satellite remote sensing imagery consisted of panchromatic, or black and white, images. Indeed, even today, these images are routinely collected by aerial imaging and commercial satellite sensor, although the expansion to color imagery is widespread. These images, with their one or three color bands, are easily displayed and printed with standard displays and printers, and the analysis is generally done by human photo interpreters. Before the end of the 20 th century, numerical scales were created to assess the interpretability of images based on what kinds of tasks could be accomplished by the interpreters. The National Image Interpretability Rating Scale (NIIRS) scored images on a 0 -10 scale based on the level of detail available to identify planes, vehicles, etc. [7] . Through a large regression study, these scores were related to image parameters such as resolution, noise, and sharpness through a General Image Quality Equation (GIQE) [8] . These ratings found use in sensor tasking, sensor design, and image archive retrieval applications.
As spectral imagery becomes increasingly available, there has been a growing interest in a comparable quantitative metric. One initial effort [9] , grew out of a hyperspectral system target detection performance prediction tool [10] . This metric was modeled on the 0-10 NIIRS scale and included as a parameter the number of spectral channels, and was designed to collapse down to the NIIRS rating for sensors with a single spectral channel. This approach was later extended to the land cover classification application [11] . A few other similar metrics were proposed and were comparatively evaluated in [12] , with the result finding some similarities and trends among them but no identification of a robust measure. These metrics were also compared to analyst evaluations of imagery [13] , again with some consistency but no universal solution found.
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Approach
Recent work on this problem has taken a step back and developed an approach that separates the complex notion of quality into the slightly more tractable components of fidelity and utility [14] . In this framework, the fidelity of an image refers to its faithfulness in reproducing the scene, while utility refers to the value of the image in accomplishing a given task. It is this notion of utility that we have concentrated on and developed an approach to its quantification, particularly in the context of unresolved target detection with hyperspectral imagery [15] . One outcome of this work is the recognition that the utility component of image quality is inescapably tied to the application of interest, and thus we focused on the development of a metric in one specific context.
The general approach to the characterization of the utility of a hyperspectral image is to apply the application algorithm (target detection in our context) to the image and assess the quality based on the results. The metric of choice in a detection problem is a receiver operating characteristic (ROC) curve. Our utility metric is thus a function of ROC curve results achieved through the application of detection algorithms across the range of targets of interests which are synthetically implanted in the imagery. This concept was also extended to apply in a predictive sense [16] .
Data and Results
As an example of this approach, we have applied the utility assessment methodology to an airborne hyperspectral image collected by HyMap over Cooke City, Montana, USA [17] . Figure 1 shows this image depicted as a cube with the 126-band spectrum projected behind each pixel shown in natural color on the cube face. The image has approximately 3 meter ground resolution per pixel. To this image, we applied a sequence of targets using a matched filter algorithm and compiled the utility based on a function of the resulting ROC curves. Table 1 shows the quantitative utility metric resulting as a function of target size. In general, as larger targets are considered, the utility increases, but as can be seen, once the target exceeds the nominal size of the pixel, the metric asymptotes to a constant value and no longer increases. Other results shown in previous publications [15, 16] and independently confirmed [18] show similar trends. 
Conclusions and Future Work
The problem of a quantitative quality metric for spectral imagery has been discussed and a framework presented which separates out the fidelity and utility components of image quality. In the selected context of unresolved object detection with hyperspectral imagery, a proposed approach was generally described and results shown for an example image. Future work should include more extensive evaluations of the robustness of the approach and further expansion of the application-specific method to other application areas.
